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PIPELINING FOR MASSIVELY PARALLEL
SERVICE ARCHITECTURE

BACKGROUND OF THE

INVENTION

This disclosure 1s related 1n general to cloud-based pro-
cessing, and, but not by way of limitation, to parallel process-
ing of multiple services by multiple computing devices.

In some computer systems, processing may be linear. In
such systems, before a second process begins, the entirety of
a {irst process may need to be completed. Take for example
the transcoding and transier of large media files. If a computer
system 1s transcoding (e.g., converting media files from one
format to another) and transierring a number of large media
files, the process may involve several steps, such as: 1)
transcode the first file; 2) transfer the first file; 3 ) transcode the
second file; and 4) transter the second file. This process may
continue for every how many files need to be transcoded and
transierred. Further, a step may not be performed until the
previous step has finished in 1ts entirety. In this example, the
transcoding of the second file may not begin until the first file
has been completely transferred.

Such a process may result 1n significant inefficiencies. For
example, 11 1t takes a significant amount of time to transfer the
first file (perhaps due to the size of the file, network conges-
tion, or some other factor), processing resources may sit idle
and the amount of time to complete the process of transcoding
and transferring may be high.

BRIEF SUMMARY OF THE INVENTION

In some embodiments, a content processing system for
performing processing of multiple services using a media
asset 1s present. The content processing system may include a
first server system. The first server system may be configured
to receive a notification from a second server system, wherein
the notification 1s linked to the media asset, determine a
second service to be processed using the media asset,
wherein: the second service 1s at least partially determined by
the first server system usmg a worktlow script and a task; and
the worktlow script comprises a plurality of tasks; the task 1s
part of the plurality of tasks; each task of the plurahty of tasks
identifies one or more services to be processed using media
assets; the task of the plurality of tasks of the workilow script
indicates that the second service 1s to be processed using the
media asset; determine a third server system to process the
second service, and notily the third server system to process
the second service, wherein: the notification indicates that the
second server system has processed a first service using the
media asset. The content processing system may include the
second server system, which 1s configured to: perform the
first service, and send the notification to the first server system
that indicates when the first service using the media asset 1s
complete. The content processing system may also include a
third server system configured to process a second service
using the media asset and notily the first server system when
the second service has been processed.

In some embodiments, the first service 1s a transcoding,
service that converts the media asset from a first format to a
second format. In some embodiments, the second service1s a
f1le replication service that transiers a copy of the media asset
to a fourth server system. In some embodiments, the fourth
server system 1s a content delivery network. In some embodi-
ments, the first server system, second server system, and third
server system are three physically distinct server systems. In
some embodiments, the second server 1s configured to pro-
cess only the first service; the third server 1s configured to
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2

process only the second service; and the first service and the
second service are different services. In some embodiments,
the first server 1s configured to perform additional determi-
nations and notifications linked to other media assets while
the third server 1s processing the second service using the
media asset. In some embodiments, the third server system 1s
comprised of multiple servers and a master server, the third
server system 1s further configured to: receive, by the master
server, the notification from the first server; receive, by the
master server, statuses from at least some of the multiple
servers; and determine, by the master server, at least partially
based on the statuses received from at least some of the
multiple servers, which of the multiple servers will process
the second service using the media asset. In some embodi-
ments, each of the multiple servers of the third server system
has a queue configured to determine an order of media assets
on which to perform the second service.

In some embodiments, a method for processing multiple
services using a media asset 1s described. The method may
include recerving, at a first server, a notification, wherein: the
notification indicates that a first service processed using the
media asset has been completed by a second server, and the
performance of the first service results 1n a processed media
asset being created. The method may include determining, by
the first server, a second service to be processed using the
processed media asset, wherein: the second service 1s at least
partially determined by the first server using a workilow
script and a task; and the worktlow script comprises a plural-
ity of tasks; each of the plurality of tasks identifies one or
more services to be processed using media assets; the task, of
the plurality of tasks, indicates that the second service 1s to be
processed using the processed media asset. The method may
include transmitting, by the first server, a notification to a
third server responsible for processing the third service using
the processed media asset, wherein the notification indicates
that the second service 1s to be processed using the processed
media asset. The method may further include receiving, by
the third server, the notification transmitted by the first server.
The method may include receiving, by the third server, a
plurality of status updates from a plurality of servers that
process the second service. The method may include select-
ing, by the third server, at least partially based on the plurality
of status updates, a fourth server from the plurality of servers
to process the second service using the processed media asset.
Also, the method may include notifying, by the third server,
the fourth server to process the second service using the
processed media asset.

In some embodiments, a system for multi-server process-
ing may be present. The system may include a kernel server
system that 1s configured to: recerve a first notification linked
to a media asset from an 1ngest server system, determine a file
replication service needs to be processed using the media
asset, and notily, using a second notification, a file replication
master server to have the file replication service processed
using the media asset, wherein the first notification recerved
by the kernel server system indicates that the ingest server
system has recetved the media asset from a client. The system
may include the ingest server, which 1s configured to: receive
the media asset from the client, and send the notification to the
kernel server system after receiving the media asset from the
client. The system may include the file replication master
server, wherein the file replication server 1s configured to
receive the second notification from the kernel server system
and determine at least one of a plurality of file replication
servers to process the file replication service using the media
asset.
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BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s described 1n conjunction with the
appended figures:

FIG. 1 1llustrates a block diagram of a media servicing
system.

FIG. 2A 1llustrates a block diagram of an embodiment of a
kernel application center connected with application centers.

FIG. 2B illustrates a block diagram of an alternative
embodiment of a kernel application center.

FIG. 3 illustrates a block diagram of an embodiment of an
application center.

FIG. 4A 1illustrates a block diagram of processes and
objects utilized by a cloud-hosted integrated multi-node pipe-
lining system for media mngestion.

FIG. 4B illustrates a block diagram of processes and
objects utilized by a cloud-hosted integrated multi-node pipe-
lining system for media ingestion with a content delivery
network.

FI1G. 4C illustrates another block diagram of processes and
objects utilized by a cloud-hosted integrated multi-node pipe-
lining system for media ingestion with a content delivery
network.

FIG. S 1llustrates a simplified embodiment of a system that
allows for performance of services on media assets.

FI1G. 6 illustrates another simplified embodiment of a sys-
tem that allows for performance of services on media assets.

FI1G. 7 illustrates another simplified embodiment of a sys-
tem that allows for performance of services on media assets.

FIG. 8 1llustrates a simplified block diagram of a kernel
Server.

FI1G. 9 1llustrates an embodiment of a method for perfor-
mance of services on media assets.

In the appended figures, similar components and/or fea-
tures may have the same reference label. Further, various
components of the same type may be distinguished by fol-
lowing the reference label by a dash and a second label that
distinguishes among the similar components. It only the first
reference label 1s used 1n the specification, the description 1s
applicable to any one of the similar components having the
same first reference label irrespective of the second reference

label.

DETAILED DESCRIPTION OF THE INVENTION

The ensuing description provides preferred exemplary
embodiment(s) only, and 1s not imntended to limit the scope,
applicability or configuration of the disclosure. Rather,
the ensuing description of the preferred exemplary embodi-
ment(s) will provide those skilled in the art with an enabling,
description for implementing a preferred exemplary embodi-
ment. It 1s understood that various changes may be made in
the function and arrangement of elements without departing,
from the spirit and scope as set forth in the appended claims.

In a computing arrangement, rather than waiting for a first
process to complete before starting a second process, it may
be more efficient to allow various processes to be performed
in parallel by multiple computing devices, such as servers,
possibly located in different physical locations. Such an
arrangement may involve a central computer coordinating
various services to be performed by other computing devices.
The central computer, possibly referred to as a kernel server,
may not be aware of how to perform various processes or even
an entire workilow of processes that needs to be performed on
a particular piece of data. Rather, the kernel server may only
be aware of what service needs to be performed next and/or in
what order future services should be performed on the data.
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4

The kernel server may then inform an appropriate server that
a particular service needs to be processed using the data,
which may be some form of amedia file. Once the appropnate
server has been notified as such, this server may process the
service or assign another server to process the service. While
the service 1s being processed, the kernel server may not need
to process anything related to this service or data. Rather, the
kernel server may direct other servers to perform the same or
different services on the same or different pieces of data files.

Once the service has been processed using the data, the
kernel server may be notified that the service has been com-
pleted. The kernel server may then determine another service,
if any, that 1s to be processed using the data file. The kernel
server may then inform the same or a different server to
process this next service using the data (which may have been
modified by the first service). Such a process may continue
until all services necessary to be processed using the data
have been completed.

While a kernel server may inform one or several servers to
process various services using pieces of data, i some
embodiments, vast numbers of pieces of data or data files may
have services processed using them by a large number of
geographically dispersed servers. Hence, such a system may
be referred to as a pipelimng system for massively parallel
service. In some embodiments, a piece of data or data file may
be a media asset, alternatively referred to as a media asset.
This media asset may be a video and/or audio file. Further,
this video or audio file may be large, possibly several mega-
bytes or gigabytes 1n size. A media asset may be linked to a
data object stored at another location. Such a data object may
contain data linked to the media asset, such as a title, owner
name, a universal resource locator linked to the media asset,
and/or other data related to the media asset. Two possible
services that may be processed using a media file may be
transcoding, which may be the conversion of a media asset
from one format to another, and transferring (which may be
the making or copying of a media asset from one location to
another).

For example, once an end user has uploaded a media asset,
the kernel server may determine (or be notified) that the
media asset needs to be transcoded 1nto six different formats
and transierred to fifteen servers scattered throughout the
world. The kernel server may determine that the first service
to be processed 1s transcoding the media asset. The kernel
server may then notify another server, such as a master
transcoding server, to process the transcoding. This may end
the kernel server’s mvolvement in the transcoding of the
media asset. The kernel server may continue to process other
tasks, such as determinming how other media assets should be
processed. The master transcoding server may then, 1n turn,
notily one or more transcoding servers to transcode the media
asset 1nto the six different formats. The master transcoding
server may assign one transcoding server to complete all of
the transcoding or may split up the transcoding, such as by
having six transcoding servers each transcode the media asset
to one format. Whether one or multiple transcoding servers
transcode the media asset may depend on how busy the
transcoding servers are.

Following transcoding of the media asset being completed,
the kernel server may be notified that some or all of the
transcoding to the various formats has been completed. The
kernel server may then determine the next appropriate service
to be processed. This may involve the kernel server accessing
a kernel workilow to determine the next appropriate service to
be processed. Such a workiflow may be a simplistic set of
instructions that identifies what services should be performed
on media assets under certain conditions. In this case, the
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service may be for the media asset (that has been transcoded
into some other format(s)) to be transierred to one or more
different servers. The kernel server may then notily a server,
possibly a master file replication server, that the (transcoded)
media asset needs to be transferred to various servers. This
may again end the kernel server’s involvement 1n the trans-
terring of the media asset. The remaining steps of the media
asset being transierred may be handled by the master file
replication server and other file replication servers 1n com-
munication with the master file replication server. The kernel
server may be notified once some or all of the transierring of
the various transcoded versions of the media asset have been
completed.

Such an arrangement may allow the kernel serverto only be
responsible for determining what services need to be pro-
cessed using media assets at particular times. As such, the
kernel server may not need to know how to process any of the
services. For example, if media assets are being transcoded to
a new file format, the kernel server may be able to recerve
requests for the media asset to be transcoded to this particular
format without knowing what needs to be done with the
media asset to process the transcoding. Rather, the kernel
server may inform a transcoding server or the master
transcoding server as such and allow 1t to process the
transcoding.

Further, such an arrangement may allow for a service to be
quickly and efficiently scaled to match demand for that par-
ticular service. For example, 11 an increased number of media
assets need to be transcoded, more transcoding servers may
be added to the system, thereby allowing the kernel server
(and, possibly a master transcoding server) to assign such
servers to transcode media assets. Further, 1t may be possible
to convert servers to perform different services. For example,
a server that typically transfers media assets, such as by
processing a lile replication service, may be converted to be a
transcoding server 11 the need arises.

Another advantage of such arrangements may be that 1f a
particular service 1s taking a significant amount of time to
complete, other services may continue to be processed
unabated. For example, network congestion may slow down
file replication servers processing transiers of media assets.
However, such a slow down may not affect transcoding ser-
vices because the transcoding 1s being handled by different
SErvers.

As those with skill 1n the art will recognize, the previous
example involving transcoding and transferring services
being processed 1s not mtended to be limiting. Servers or
other computing devices in commumcation with a kernel
server may process a variety of diflerent services using media
assets, or more generally, data files. For example, a similar
arrangement of a kernel server and various other servers may
be used to perform services on data files that are not media
files.

Such a pipelining system for processing parallel services
may be performed by a variety of different systems. Such a
pipelining system may be part of a media servicing system.
FIG. 1 1s a block diagram 1illustrating a media servicing sys-
tem 100, according to some embodiments of the present
invention. The system can deliver media content to the end
user 140 through a network such as the Internet 120. A media
asset provided by a content provider 130 can be processed and
indexed by cloud-hosted integrated multi-node pipelining
system (CHIMPS) 110, and further stored on content delivery
network (CDN) 150. Additionally or alternatively, the
CHIMPS 110 may also be adapted to store the media asset.

The media servicing system further enables a content pro-
vider 130 or other entity to gather information regarding user
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6

behavior during media playback. For example, a content pro-
vider 130 can be provided with data indicating that end users
tend to stop watching a video at a certain point in playback, or
that users tended to follow links associated with certain adver-
tisements displayed during playback. With this data, a content
provider 130 can adjust factors such as media content, adver-
tisement placement and content, etc., to increase revenue
associated with the media content and provide the end user
140 with a more desirable playback experience.

End user 140 can request a media asset to hear and/or see
with a client program running on a personal computer or other
clectronic device connected to Internet 120. The client pro-
gram can be, for example, a media player, browser, or other
application adapted to request and/or play media assets. In
response to a request for a media asset, the CHIMPS 110 can
utilize any number of application centers 112 and/or kernel
application center(s) 111 to provide the client program with a
data object concerning the requested media asset. The data
object can include information about the media asset, includ-
ing where the media asset can be located, such as within the
CDN 150 or within the CHIMPS 150 itself. Location infor-
mation may be provided by Universal Resource Indicator
(URI), a Universal Resource Locator (URL) or other indica-
tor. During playback of the media asset, the CHIMPS 150 can
collect data regarding the playback through beaconing pro-
vided by a client program executed on a devices operated by
the end user 140 and/or indexing service from within the
CHIMPS and/or CDN. The CHIMPS 150 can subsequently
provide the data and/or any analytics information derived
from the data to the content provider 130.

FIG. 2A 15 a block diagram illustrating one embodiment of
a kernel application 111-1 center connected with application
centers from within the CHIMPS 110-1. The kernel applica-
tion center 111-1 and application centers 112 can be geo-
graphically distant and can be connected via the Internet 120,
wide area network (WAN), and/or other data communication
network. Because application centers can be geographically
separated, DNS services (not shown) can be used to allow an
end user 140 to connect to the nearest available application
center 112. The kernel application center 111-1 can connect
with application centers 112 within the CHIMPS 110-1
through an internal interface 270, thereby enabling the appli-
cation centers 112 access to the various components within
the kernel application center 111-1.

Components within the kernel application center 111-1 can
communicate through network 260, such as a local area net-
work (LAN), and can include one or more origin servers 240
and a storage array 230 with which data objects and/or media
assets may be stored and distributed. The storage array 230
may also be utilized by services running on processing
server(s) 220 and/or transcoding server(s) 250 that may
require temporary or long-term storage. Kernel server 210
can utilize processing server(s) 220, transcoding server(s)
250 to provide various functional capabilities to the CHIMPS
110.

For example, as described 1in more detail below, the
CHIMPS 110-1 can provide transcoding service for media
assets provided by a content provider 130 for syndication.
Such a service can allow a content provider 130 to upload a
media asset to an application center 112, after which the
application center 112 would notily the kernel server 210 that
the media asset has been uploaded. The kernel server can then
notily services running on the processing server(s) 220 of the
upload. These services can utilize transcoding server(s) to
transcode the media asset, which can then be moved toa CDN
and/or stored locally by storage array 230 and origin server(s)
240. Services running on the processing server(s) 220 can
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also update the associated data object stored by the storage
array 230 and origin server(s) 240.

FIG. 2B 1s a block diagram illustrating an alternative
embodiment of a kernel application center 111-2. In addition
to the components of the embodiment of FIG. 2A, this
embodiment incorporates an application center 112 within
the kernel application center 111-2. The application center
112 incorporated within kernel application center 111-2 may
be located at or near the other components of the kernel
application center 111-2, and can be communicatively con-
nected to the other components via network 260. The 1ncor-
porated application center 112 can therefore have faster
access to kernel application center functionality because 1t
does not need to communicate over long distances. In con-
sideration of this advantage, it will be understood that the
CHIMPS 110 can include multiple kernel centers with one or
more application centers incorporated therein. Additionally
or alternatively, components of the kernel application center
may be incorporated into one or more application centers 112
in the CHIMPS 110 to provide higher quicker access to cer-
tain functionality.

FI1G. 3 15 a block diagram 1llustrating an embodiment of an
application center 112. The application center 112 can
include caching server(s) 330 and a storage array 310 for
storing and distributing data objects of media assets requested
by end users through end user interface 360. Caching
server(s) 330 and storage array 310 can also be used to collect,
process, and/or store metrics mformation from beaconing
data, media chunk requests, and/or other data sources, includ-
ing data collected through end user interface 360. The appli-
cation center can further include ingest server(s) 320 for
ingesting uploaded media assets from a content provider 130
through a content provider interface 370. The media assets
may be stored on the storage array 310. As with the kernel
application center 111, the components of the application
center 112 can be communicatively linked through a network
340, such as a LAN. The application center can further
include an internal interface 350, providing a communication
link from the application center to the rest of the CHIMPS. It
1s through internal interface 350, for example, that media
assets stored on storage array 310 can be made available to a
kernel application center 111 for services such as transcod-
ng.

FIG. 4A 1s a block diagram 400-1 of processes and objects
utilized by the CHIMPS 110 for media ingestion, according,
to some embodiments. Although FIG. 4A further indicates
the physical systems 1n which it may execute or store these
processes and objects, 1t will be understood that the processes
and objects disclosed may be executed or stored on more than
one system, including systems not disclosed 1n FIG. 4A. In
other words, the processes and objects shown 1n FIG. 4A
allow for a variety of implementations through one or more of
hardware, software, firmware, microcode, etc.

Media can be ingested mto the CHIMPS 110 when a con-
tent provider 130 uploads amedia asset to ingest server(s) 410
in an application center 112 by utilizing a client 405. The
client 405 can be a stand-alone application or browser based,
for example, and can communicate with ingest server(s) 410
through an application programming interface (API) config-
ured for the ingestion of media assets.

Ingest server(s) 410 can communicate with devices 1n the
kernel application center 111 executing programs such as
kernel server 425 and file replication service 430. The kernel
server 425 can be configured to organize the workilow among
services, such as transcoding 440 file system manager 435,
and other services 445 (e.g., analytics, dynamic API, etc.)
Upon a particular event, for example, the kernel server can be
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configured to notity the relevant services of the event, causing
the services to process tasks associated with the event.

The file replication service 430, under direction of the
kernel server 425, can coordinate the movement of the media
assets between services. For example, retrieving the uploaded
media asset from the ingest server(s) 410 and storing 1t on the
file archive 450, or retrieving transcoded media assets from
transcoding service(s) 460 and storing them in the media
asset origin.

The data object updater 420 keeps the data object origin
415 up to date 1n response to any changes in the system.
When, for example, a file 1s uploaded, transcoded, and stored
in media asset origin 455, the location and other metadata
concerning the transcoded media assets need to be created or
updated in the data object origin 415 to ensure an end user
who accesses the object 1n the data object origin 413 has the
correct information regarding the related media asset.
Because the data object updater 420 recerves updates from the
kernel server 425 (which 1s notified when a transcoded media
asset 1s stored 1n the media asset origin 455, the system
ensures the data objects 1n the data object origin are con-
stantly up to date.

The upload of a media asset to the ingest server(s) 410, as
described above, can provide an example of how the kernel
server 425 may coordinate workilow. For instance, 1n
response to the upload, the ingest server(s) 410 can notify the
kernel server 425 that a media asset has been uploaded. The
kernel server 425 informs the file replication service 430 of
the uploaded media asset, and the file replication service 430
moves the uploaded media asset into the file archive 450 and
notifies the kernel server 425 of the move. In response, the
kernel server 425 notifies the file replication service 430, the
file system manager 435, and the transcoding master 440 of
the move. The {file replication service 430 then will know 1t
can delete the uploaded media asset from the ingest server(s)
410, the file system manager 435 will update the file system
accordingly, and the transcoding master 440 will notily
transcoding service(s) 460 of different transcoding tasks to be
performed. The transcoding service(s) 460 can then retrieve
the uploaded media asset from the file archive 450 to create
transcoded media assets. The transcoding service(s) 460
notily the kernel server 425 once transcoding 1s complete, and
the kernel server 425 relays this information to the file repli-
cation service 430. The file replication service 425 then takes
the transcoded media assets from the transcoding services
460 and moves them to the media asset origin 455. Once the
file replication service 430 notifies the kernel server 425 of
the move, the kernel server 425, in turn, notifies the file
replication service 430 and the data object updater 420. The
data object updater 420 which updates the data object origin
415 accordingly, and the file replication service 430 deletes
the transcoded media assets from the transcoding services
460.

The modular nature of the system enables all tasks associ-
ated with an event to be completed quickly. As illustrated 1n
the example above, worktlow relating to a particular event,
such as a media assetupload, can be spread among the various
services simultaneously. Moreover, because the system’s
modularity enables 1t to be scaled to accommodate differing
hardware capacities, and because the system can be config-
ured to dynamically allocate hardware to different services
according to the needs of the system, the speed of completing
tasks relating to a particular event can further be increased.

FIG. 4B 1s a block diagram 400-2 of processes and objects
utilized by the CHIMPS 110 for media ingestion, according
to some embodiments. Block diagram 400-2 may be substan-
tially similar to block diagram 400-1 except for the use of a
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content delivery network in place of media asset origin 455.
Therefore, 1n block diagram 400-2, as opposed to the media
assets being stored at media asset origin 455, they are stored
at content delivery network 150, which may be operated and
maintained by a third party.

FI1G. 4C 1s a block diagram 400-3 of processes and objects
utilized by the CHIMPS 110 for media ingestion, according,
to some embodiments. Block diagram 400-3 may be substan-
tially stmilar to block diagram 400-1 except for the use of a
content delivery network in conjunction with media asset
origin 4355. Here, 1n block diagram 400-3, media assets may
reside at either media asset origin 455, content delivery net-
work 150, or both.

Specifically directed to embodiments of the pipelining sys-
tem for processing parallel services, FIG. § illustrates an
embodiment of a pipelining system 500 that may allow a
kernel server to have other servers process services using a
media asset. In some embodiments, system 300 includes a
kernel server 425, a first group of servers 430 that performs a
first service, and a second group of servers 460 that performs
a second service.

Kernel server 425 may also represent kernel server 210 of
FIG. 2 or kernel server 210 of FIG. 2B. Alternatively, kernel
server 4235 may represent some other kernel server. The kernel
server 425 may determine what services need to be performed
on media assets. For example, upon recetving a particular
type of media asset, kernel server 425 may have instructions
(possibly referred to as a kernel workflow) that indicate ser-
vices to be processed using the media asset. In some embodi-
ments, an end user may provide instructions to the kernel
server that indicate what services should be processed using a
media asset. For example, an end user may specily that a
media asset should be transcoded to a particular file format.
Kernel server 425 may be in communication with multiple
groups ol servers. These groups of servers may be dedicated
to performing particular services.

Kernel server 425 may communicate with a first group of
servers 520. The first group of servers 520 may be dedicated
to performing a particular service, such as a file replication
service. For example, first group of servers 320 may perform

file replication service 430 of FIGS. 4A-4C. A file replication

service may involve moving or copying media assets from a
server to one or more other servers, possibly located 1n dif-
terent geographic locations. The kernel server 425 may com-
municate with first group of servers 520 directly or via a
network. Accordingly, first group of servers 320 may be
physically local to kernel server 425 or may be geographi-
cally separated. If a network 1s used for communication
between kernel server 425 and first group of servers 520, the
network may be public, such as the Internet, or private, such
as a corporate mtranet or local area network. Besides a file
replication service, first group of servers 520 may instead
perform some other service.

First group of servers 520 1s 1llustrated as including two file
replication servers (520-1 and 520-2). This 1s for simplicity
only. As those with skill in the art will understand, it may be
possible for first group of servers 520 to include many more
servers. The first group of servers 430 may receive a notifi-
cation from kernel server 425 when a media asset 1s be pro-
cessed by the file replication service. Such a notification may
include an indication (possibly in the form of a universal
resource indicator, such as a universal resource locator) of the
location of the media asset. While the media asset may be
stored with the kernel server 425 and/or may be transmaitted to
first group of servers 520 (such as at the time of the notifica-
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tion being sent), a media asset may also be stored at a remote
storage server (such as file archive 450 of FIG. 4 or media
asset origin 455).

Kernel server 425 may determine which file replication
server of first group of servers 3520 1s to perform the file
replication service on the media asset. In some embodiments,
kernel server 425 may request a status notification from file
replication server 520-1 and file replication server 520-2 to
determine which one 1s available (or will be available sooner)
to process the file replication service. Based on the results of
the status notification, the kernel server 425 may send the
request for the media asset to have the file replication service
processed to a particular file replication server of first group
of servers 520. In some embodiments, kernel server 425 may
send the request for the media asset to have the file replication
service performed to a queue. This queue may be accessed by
first group of servers 520, thereby allowing the first file rep-
lication server (520-1 or 520-2) to become available to satisty
the request for the file replication service to be processed
using the media asset.

Once the file replication service has been processed by first
group of servers 320, the media asset may be modified or a
new version of the media asset may have been created. Kernel
server 425 may then be notified by the file replication server
(520-1 or 520-2) that performed the file replication service on
the media asset that the file replication service has been com-
pleted. The notification may also include an indication of
where the new version or modified version of the media asset
resides. If such an indication 1s present, 1t may be in the form
of a universal resource indicator, such as a universal resource
locator.

Once kernel server 425 has received a notification that file
replication service has been processed using the media asset,
kernel server 425 may determine 1f another service 1s to be
processed using the media asset. I there 1s another service to
be processed using the media asset, the kernel server 425 may
then determine what service 1s to be processed. This next
service to be performed on the media asset may be a transcod-
ing service. Such a transcoding service may be performed by
a second group of servers 530. While pipelining system 500
shows the second service as a transcoding service, other ser-
vices may also be possible.

Second group of servers 530 may be a number of servers
dedicated to performing the transcoding service on media
assets. Referring to FIGS. 4A-4C, second group of servers
530 may represent a group of servers processing the transcod-
ing service 460. Second group of servers 530 may also pro-
cess some other service. Second group of servers 530 is
illustrated as including two transcoding servers (530-1 and
530-2). This 1s for simplicity only. As those with skill in the art
will understand, 1t may be possible for second group of serv-
ers 330 to include many more servers. Second group of serv-
ers 330 may recerve a notification from kernel server 425
when a media asset 1s to have the transcoding service pro-
cessed on 1t. Such a notification may include an indication of
the location of the media asset. This media asset may have
already been processed by another service, such as the file
replication service. While the media asset may be stored with
the kernel server 425 and/or may be transmitted to second
group of servers 330, amedia asset may also be stored at some
remote storage server, such as those previously described. In
some embodiments, a media asset 1s stored local to the server
that 1s processing a service using the media asset.

As with first group of servers 520, kernel server 425 may
determine which server of second group of servers 530 1s to
process the transcoding service using the media asset. In
some embodiments, kernel server 425 may request a status
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notification from transcoding server 530-1 and transcoding
server 530-2 to determine which one 1s available (or will be
available sooner) to process the transcoding service. Based on
the results of the status notification, the kernel server 425 may
send the request for the media asset to have the transcoding
service processed to a particular transcoding server of second
group ol servers 530. In some embodiments, kernel server
425 may send the request for the media asset to have the
transcoding service processed to a queue. This queue may be
accessed by second group of servers 530, thereby allowing
the second service server 530-1 or 5330-2 to become available
to satisty the request for the transcoding service to be pro-
cessed using the media asset.

Following processing the media asset by the transcoding
service by second group of servers 530, kernel server 425 may
be notified by the transcoding server (530-1 or 530-2) that
performed the transcoding service on the media asset that the
transcoding service has been completed. The notification may
also include an indication of where the media asset now
resides. If such an indication 1s present, it may be 1n the form
of a universal resource indicator, such as a universal resource
locator.

Kernel server 425 may then determine if any other service
1s to be processed using the media asset. If not, pipelining
system 500 may continue to process various other media
assets. Such other media assets may also have been being
processed concurrently while the media asset was being pro-
cessed. For example, while either file replication server 520-1
or file replication server 520-2 was processing the media
asset, the other file replication server (520-1 or 520-2) may
have been processing some other media asset, transcoding
server 530-1 may have been processing another media asset,
and transcoding server 530-2 may have been processing yet
another media asset. Further, kernel server 425 may have
been sending notifications, receiving notifications, and mak-
ing determinations as to what services need to be processed
using other media assets at the same time as first group of
servers 320 and second group of servers 530 were processing
media assets.

While kernel server 425 may communicate directly with
the file replication servers 520-1 and 3520-2 and also with
transcoding servers 330-1 and 330-2, in some embodiments,
a kernel server may instead communicate with one or more
master servers. In pipelining system 600 of FIG. 6, kernel
server 425 communicates with master servers that coordinate
the processing of media assets using various services. In
pipelining system 600, kernel server 425 communicates with
master file replication server 615 via network 640-1.

Network 640-1 may represent a public network, such as the
Internet, or a private network, such as a corporate intranet or
local area network. As those with skill 1n the art will recog-
nize, it may also be possible for kernel server 425 to commu-
nicate directly with master file replication server 613, such as
via a direct connection. In the illustrated embodiment of
pipelining system 600, kernel server 425 communicates
directly with master transcoding server 440.

Kernel server 425 may transmit a notification to master file
replication server 615 that indicates a media asset that1s to be
processed by the file replication service. This notification
may 1include a universal resource indicator that indicates
where the media asset 1s located. The universal resource indi-
cator may be 1n the form of a umiversal resource locator.

Master file replication server 615 may request a status
update from some or all of the file replication servers 1n first
group or servers 620. First group of servers 620 may send a
response to master file replication server 613 indicating their
individual availability. Based on the responses recerved from
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first group of servers 620, master file replication server 615
may assign one or more of file replication servers (620-1,
620-2, 620-3, or 620-4) to process the file replication service
using the media asset. In some embodiments, master file
replication service server 615 may randomly or 1n a predeter-
mined pattern assign the media asset to have the file replica-

tion service processed using one of file replication servers
620-1, 620-2, 620-3, or 620-4. Master file replication server

615 1s shown as communicating with first group of servers
620 via network 640-2. Network 640-2 may represent the
same network as network 640-1, or may represent some other
network. It should also be understood that master file repli-
cation server 615 may commumnicate with first group of serv-
ers 620 directly.

Once a file replication server of first group of servers 520
has processed the file replication service on the media asset,
that file replication server may send a notification that the file
replication service has been completed (or will be completed
by some time) on the media asset to either master file repli-
cation server 615 or kernel server 4235. 11 the notification 1s
only sent to master file replication server 613, master file
replication server 6135 may transmit a similar notification that
the file replication service has been processed using the media
asset to kernel server 425.

As will be understood by those with skill 1n the art, while
the first group of servers 620 illustrates four file replication
servers (620-1, 620-2, 620-3, and 620-4), fewer or more first
file replication servers may be present among first group of
servers 620. For example, in some embodiments, the number
of file replication servers 1n first group of servers 620 may be
varied by adding or subtracting file replication servers. More
file replication servers may be added 1f a large number of
media assets require processing the file replication service.
Similarly, 11 few media assets require the file replication ser-
vice 1o be processed using them, some of the first group of
servers 620 may be removed, shutdown, or assigned to
another group of servers performing some other service.

A master transcoding server 640 may also be present. Mas-
ter transcoding server 640 may represent the same server as
transcoding master 440 of FIG. 4, or may represent some
other server. Master transcoding server 640 may function
similarly to master file replication server 615. Kernel server
425 may transmit a notification to master transcoding server
640 that indicates a media asset that 1s to have the transcoding
service performed on 1t. This may be the same media asset
that previously had the file replication performed on 1t. There-
fore, this may be a modified or otherwise processed media
asset. The notification may include a universal resource indi-
cator that indicates where the media asset 1s located. The
unmiversal resource indicator may be 1n the form of a universal
resource locator.

Master transcoding server 640 may request a status update
from some or all of the second group of servers 630. The
second group of servers 630 may send a response to master
transcoding server 640 that indicates their individual avail-
ability. Based on the responses received from second group of
servers 630, master transcoding server 640 may assign one or
more servers of second group of servers 630 to process the
transcoding service using the media asset. In some embodi-
ments, master transcoding server 640 may randomly or in a
predetermined pattern assign the media asset to have the file
replication processed using 1t to a transcoding server of sec-
ond group of servers 630. Master transcoding server 640 may
assign the media asset to a transcoding server diflerently than
master file replication server 615 assigns media asset to file
replication servers 620.
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Once a transcoding server (630-1, 630-2, 630-3, or 630-4)
of second group of servers 530 has completed the transcoding
using the media asset, that transcoding server may send a
notification that the transcoding service has been completed
on the media asset to either the master transcoding server 640
or kernel server 425. If the notification 1s sent only to master
transcoding server 640, master transcoding server 640 may
transmit a notification that the transcoding service has com-
pleted processing the media asset to kernel server 425.

As will be understood by those with skill 1n the art, while
the second group of servers 630 1llustrate four transcoding,
servers (630-1, 630-2, 630-3, and 630-4), fewer or more
transcoding servers may be present among second group of
servers 630. For example, in some embodiments, the number
of servers in second group of servers 630 may be varied by
adding or subtracting transcoding servers. More transcoding
servers may be added 11 a large number of media assets need
to be transcoded. Similarly, 1f few media assets require the
transcoding service to be performed on them, some of second
group of servers 630 may be removed, shutdown, or assigned
to another group of servers performing some other service.

While pipeliming system 600 refers to transcoding and file
replication services, it should be understood that these are
only examples of possible services that servers may perform.
In some embodiments, the first group of servers 620 may
process the transcoding service, and the second group of
servers 630 may process the file replication service. Other
services may be processed using media assets, or more gen-
erally, using data files. Additionally, 1t should be understood
that the servers used 1n pipelining system 600 may be geo-
graphically distributed. As an example, kernel server 4235 1s
illustrated 1n a first location 617. Master file replication server
615 may be 1n a second location 616. The second location 616
may represent a different building, city, state, country, or
continent from first location 617. Master transcoding server
440 may be 1n a third location 618 with the second group of
servers 630. This third location may represent a different
building, city, state, country, or continent from first location
617 and second location 616. The first group of servers 620
may be in the same or different location from master file
replication server 615. Further, individual file replication
servers and transcoding servers may be located 1n different
positions from other file replication servers and transcoding
servers, respectively.

In some embodiments of a pipelining system 700 for per-
forming parallel services on media assets more than two
groups ol servers configured to perform various services are
present. FI1G. 7 illustrates kernel server 423 interacting with
four sets of servers configured to each process a service.
Kernel server 425 communicates with master file replication
server 715, master transcoding server 717, a master ingest
server 735, and a master “other” service server 745. Kernel
server 425 may communicate with some or all of master
servers 717 via a network 760-1. In pipelining system 700,
kernel server 425 1s depicted as communicating only with
master file replication server 715 via network 760-1. How-
ever, 1n some embodiments, some or all of master servers 717
may communicate with kernel server 425 via network 760-1
or some other network. Network 760-1 may represent a pub-
lic network, such as the Internet, or a private network such as
corporate intranet or local area network.

In pipelimng system 700, the second group of servers 730
contains six transcoding servers. The second group of servers
730 may include an increased number transcoding servers (an
addition of transcoding servers 730-5 and 730-6 over pipe-
lining system 600) because a large number of media assets
need to be transcoded.
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In addition to the first group of servers 720 and the second
group ol servers 730, pipelining system 700 contains two
other groups of servers controlled by master servers. A master
ingest server 735 controls a third group of servers 740 com-
prised of ingest server 740-1 and ingest server 740-2. These
ingest servers may perform the functions of ingest server 320
of FIG. 3. As illustrated, only two ingest servers are 1n the
third group of servers 740. This may be because few media
assets require ingesting. In some embodiments, 1t may be
possible to convert a server processing a particular service to
a server processing a different service. By way of example
only, 1f the third group of servers 740 originally had four
ingest servers, however not many media assets required
ingesting, two ol these ingest servers may have been con-
verted to be transcoding servers (such as 730-5 and 730-6)
because alarge number of media assets required the transcod-
ing service to be processed using them. Therefore, 1t may be
possible to convert servers to perform a different service, and
possibly convert those servers back to their original function-
ality 11 the need or desire arises. Further, if a server that 1s part
of a group of servers, such as transcoding server 730-3 of
second group of servers because unavailable for some reason
(e.g., crashes), it may not adversely affect the rest of the
system 700 because other servers are processing other media
assets.

A fourth master server, master other service server 745,
may interact with a fourth group of servers 750 through a
network 760-2. This may be the same network as network
760-1, or may represent some other network. While only
master other service server 745 1s illustrated as communicat-
ing with a group of servers via a network, i1t should be under-
stood that any of master servers 717 may communicate with
a respective group ol servers via network 760-2, or some
other network. Fourth group of servers 750 may include four
other service servers. These other service servers may repre-
sent the same servers as depicted by other services 445 of
FIG. 4. Alternatively, the fourth group of servers 750 may
refer to some other group of servers.

As was described 1n relation to pipelining system 600 of
FI1G. 6, it should be understood that the various servers of
pipelining system 700 of FIG. 7 may be geographically scat-
tered. For example, various master servers 717 may be
located 1n different locations. Also, master servers 717 may or
may not be located in the same physical location as the group
of servers they control. Further, servers within groups of
servers may also be located at disposed locations. For
example, file replication server 720-1 may be located 1n a

different geographic location than file replication server 720-
2.

In order for kernel server 425 to be able to determine what
service 1s appropriate to process a media asset, 1t may have
stored or otherwise have access to a worktlow script. FIG. 8
illustrates a simplified block diagram of an embodiment 800
of kernel server 425. In some embodiments, kernel server 425
includes storage 810, interpreter 830, processor 840, and task
engine 850. Storage 810 may represent various forms of
tangible computer readable storage mediums, such as one or
more hard drives or random access memory. Stored on stor-
age 810 may be worktlow script 820. While FIG. 8 illustrates
worktlow script 820 as stored by storage 810, 1t should be
understood that worktlow script 820 may be stored remote
from kernel server 425 and accessible via a network connec-
tion.

Workflow script 820 may include a set of tasks that identily
various subtasks that the kernel server should perform fol-
lowing receiving a notification. Worktlow script 820 may
identify various tasks (in FI1G. 8, tasks 1 through n are present)
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that are performed depending on the status of a media asset.
For example, a particular task may be that i1 a file replication
server notifies kernel server 425 that a media asset has been
moved to a particular location, the kernel server 425 should
notify master transcoding server 440 of FIG. 6 to process the
transcoding service using the media asset. Workflow script
820 may be simplistic: each task may not identily how to
perform various services, rather tasks may identity only what
services need to be notified 1n particular situations. Based on
this, kernel server 425 may notily the appropriate server to
perform the approprate service.

Notably, workflow script 820 may be modified whenever
the order or type of service needed to be performed on a media
asset changes. Because kernel server 425 may only receive
notifications, determine another server to perform a service,
and notily an appropriate server, significant flexibility may be
provided 1n reworking worktlow script 820 (or programming,
a new worktlow script) for different services to be performed
on media assets.

Further, different clients may use different workilow
scripts. For example, a first client may wish for certain ser-
vices to be performed on a media asset 1n a particular order.
However, another client may require different services, or
services 1n a different order, to be performed on 1ts media
assets. This may be accommodated by having different work-
flow scripts for different clients, or by having tasks that are
only executed for particular customers. For example, the
same notification receirved from a server performing a par-
ticular service may result 1n a different service being per-
tormed next, depending on the client.

Workflow scripts may also comprise basic programming.
For example, 1f-then statements may be evaluated and
executed 1n various tasks within workilow script 820. Each
task of worktlow script 820 may evaluate certain basic param-
cters received for a media asset. These parameters may
include: what media asset 1s being evaluated, what client the
media asset linked to, and what service has been performed
on the media asset.

Below, an example workilow script 1s presented:

TABLE 1
Notification
Recerved by Other Service in

Task Kernel Server  Service(s) to Perform Parallel?

Task 1  Notification Notify (master) file No
received replication server.
from ingest
server.

Task 2 Notification If transcoding required, Other transcode
received then Notily (master) services.
from (master) transcoding server.
file repli- Otherwise perform task 3.
cation server.

Task 3 Notification Notify (master) file Yes.
received replication server to
from (master)  distribute processed media
transcoding asset to media asset origin
Server. SEIVers.

Task 4  Notification Notify a first service and —
received notify a second service.
from other

service server.

The above table illustrates an exemplary worktlow script
that may be executed by kernel server 425. For example, in
task one, 11 a notification 1s recerved from an 1ngest server that
a client has uploaded a new media asset, the kernel server 4235
may notily a file replication server or master file replication
server. The kernel server 425 may also send a link to the

10

15

20

25

30

35

40

45

50

55

60

65

16

location of the media asset to the (master) file replication
server. The kernel server 425 may also inform the file repli-
cation server where to copy or move the media asset to. In
some embodiments, the file replication server may have its
own workilow script that indicates that when a new media
asset 1s 1dentified by the kernel server, the media asset 1s to be
transierred to a particular location. As another example from
Table 1, task four informs the kernel server 425 that 1t a
notification 1s received from some other service server (such
as other service 4435 of FI1G. 4), a first and second service are
to be performed on the media asset.

Various tasks may also 1dentity whether or not some other
service may be performed 1n parallel while the service 1den-
tified by the task 1s being performed. For example, while the
file replication service 1s being performed using the media
asset, 1t may not be possible (or desirable) for another service
to also be performed on the media asset. However, referring to
task two, where a transcode service 1s being processed using
the media asset, 1t may be possible for other transcode ser-
vices to be processed using the same media asset. Also, refer-
ring to task three, while the media asset 1s being moved to an
origin server, 1t may be possible for other services to be
performed on the media asset. Whether a service may be
performed in parallel may be determined by what the service
does (e.g., whether the service modifies the media asset). For
example, a service that modifies the media asset may not be
possible to be performed while some other service 1s being
performed, however a service that only copies a version of the
media asset from one location to another may be possible to
be performed.

Various tasks of worktlow script 820 may be decoded and
presented to processor 840 by interpreter 830. Processor 840
may inform task engine 850 via interpreter 830 of the service
that needs to be performed. Task engine 850 may then trans-
mit a notification to the appropriate server that performs the
service. This notification may indicate the media asset that
requires the service to be performed on 1t. The notification
may also include other information, such as what client the
service 15 to be performed for. The notification may also
include a link, such as a unmiversal resource indicator, that
indicates the location the location of the media asset. Task
engine 850 may also recetve notification from servers per-
forming services that indicate when the services are com-
plete. Task engine may decode and relay the notification to
processor 840 via interpreter 830. Processor 840 may then
access workilow script 820 via interpreter 830 to determine
the next appropriate service to be performed.

FIG. 9 illustrates an embodiment of a method 900 that may
be performed using a pipelining system such as pipelining
system 500, pipelining system 600, or pipelining system 700.
Further, 1t may be possible to perform method 900 using some
other pipelining system. Atblock 910, akernel server (such as
kernel server 425 of FIGS. 5-8) may receive a notification
from a server processing a particular service using a media
asset. For example, an ingest server (such as 740-1 of FIG. 7)
may noftily the kernel server that a media asset has been
uploaded by a client. This notification may include a link to
the media asset, such as a universal resource indicator.

At block 915, a worktlow script, possibly particular to the
client who uploaded the media asset, may be loaded by the
kernel server. At block 920, the workflow script may be read
by the kernel server. At block 925, the appropriate task to be
performed by the kernel server. Alternatively, the notification
received by the kernel server from the mngest server (or some
server sending the notification on behalf of the ingest server)
at block 910 may contain an indication that instructs the
kernel server what service needs to be processed using the




US 8,326,912 B2

17

media asset. At block 927, the kernel server may perform
various subtasks related to the task i1dentified at block 925,
such as evaluating 1i-then statement, and determining if some
other service may be performed in parallel. The remainder of
method 900 uses a transcoding service as an exemplary ser-
vice to be processed using the media asset.

Whether the kernel server determines transcoding 1s the
appropriate service to perform by consulting a workflow
script or 1s notified of such by the ingest server, the kernel
server may send a notification to a master transcoding server
(such as 440 of FIG. 7) that coordinates performance of the
transcoding service at block 930. This nofification may
include a link, such as a universal resource indicator, to the
media asset that 1s to be transcoded being transmitted to
master transcoding server.

At block 940, the notification transmitted by the kernel
server may be recerved by the master transcoding server. In
some embodiments, the master transcoding server may 1den-

t1ly one or more transcoding servers available to process the
transcoding service using the media asset at block 950. Thais
may involve the master transcoding server sending a request
for a status update from one or more of the transcoding
servers (such as transcoding servers 730-1, 730-2, 730-3,
730-4, 730-5, and 730-6 of FIG. 7). The transcoding servers
may respond to indicate whether or not they are available to
process the transcoding service and/or may indicate when
they will become available to process the transcoding service.
Based on the status updates, the master transcoding server
may determine one or more transcoding servers to process the
transcoding service using the media asset. In some embodi-
ments, as opposed to requesting and receiving a status update
from each transcoding server, the master transfer server may
assign media assets to be transcoded to each transcoding
server based on a predetermined pattern or 1n a random pat-
tern.

Atblock 960, the one or more transcoding servers that were
selected to process the transcoding service may be notified by
the master transcoding server. This notification may include a
link (such as a universal resource indicator, or, more specifi-
cally, a universal resource locator) to the media asset. If the
transcoding server 1s currently busy, no further action may be
performed until the transcoding server becomes available.
Then, at block 970, the transcoding server may process the
media asset. This may 1mvolve the transcoding server modi-
tying the media asset and/or creating one or more new ver-
sions of the media asset.

Once the (one or more) transcoding servers have com-
pleted processing the transcoding service on the media asset,
the kernel server may be notified that the transcoding service
1s complete at block 980. This may involve the transcoding
server notifying the kernel server directly. Alternatively, 1n
some embodiments, the transcoding server may notily the
master transcoding server that the transcoding service 1s com-
pleted. Then, the master transcoding server may inform the
kernel server that the transcoding service has completed.

The kernel server may then determine whether another
service 1s to be processed on any of the versions of the media
asset at block 990. IT no more services are to be performed on
or using any of the versions of the media asset, the method
may conclude at block 995. At this point, one or more of the
versions of the media asset may be stored 1n some location,
such as file archive 450 or media asset origin 455. However,
returning to block 990, if another service 1s to be performed,
the method may return to block 920 and the kernel server may
determine what next service should be performed using one
or more of the versions of the media asset.
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While method 900 refers to a transcoding service being
performed, 1t should be understood that the references to a
transcoding service are for or example purposes only. Any
other of the previous services described may also be per-
formed using such a method on the media asset. Alternatively,
it may be possible to conduct services not discussed on the
media asset. Even more generally, as opposed to a media asset
being processed and/or modified using method 800, some
other form of data or data file may instead be used.

Further, 1t should be appreciated that while method 900 1s
being performed, the kernel server may be receiving notifi-
cations and sending notifications as to various services being
processed using other media assets. For example, a similar
method to method 900 may be used for thousands of other
media assets involving the kernel server at the same time. In
such a way, a single kernel server may be able to coordinate
various services being performed on vast numbers of media
assets at the same time.

It should be noted that the methods, systems, and devices
discussed above are intended merely to be examples. It must
be stressed that various embodiments may omit, substitute, or
add various procedures or components as appropriate. For
instance, 1t should be appreciated that, 1n alternative embodi-
ments, the methods may be performed in an order different
from that described, and that various steps may be added,
omitted, or combined. Also, features described with respect to
certain embodiments may be combined in various other
embodiments. Different aspects and elements of the embodi-
ments may be combined 1n a similar manner. Also, 1t should
be emphasized that technology evolves and, thus, many of the
clements are examples and should not be interpreted to limat
the scope of the invention.

Specific details are given in the description to provide a
thorough understanding of the embodiments. However, 1t will
be understood by one of ordinary skill in the art that the
embodiments may be practiced without these specific details.
For example, well-known circuits, processes, algorithms,
structures, and techniques have been shown without unnec-
essary detail in order to avoid obscuring the embodiments.
This description provides example embodiments only, and 1s
not intended to limait the scope, applicability, or configuration
of the invention. Rather, the preceding description of the
embodiments will provide those skilled 1n the art with an
enabling description for implementing embodiments of the
invention. Various changes may be made 1n the function and
arrangement of elements without departing from the spirit
and scope of the invention.

Also, 1t 1s noted that the embodiments may be described as
a process which 1s depicted as a flow diagram or block dia-
ogram. Although each may describe the operations as a
sequential process, many of the operations can be performed
in parallel or concurrently. In addition, the order of the opera-
tions may be rearranged. A process may have additional steps
not included 1n the figure. Furthermore, embodiments of the
methods may be implemented by hardware, software, firm-
ware, middleware, microcode, hardware description lan-
guages, or any combination thereof. When implemented 1n
soltware, firmware, middleware, or microcode, the program
code or code segments to perform the necessary tasks may be
stored 1 a computer-readable medium such as a storage
medium. Processors may perform the necessary tasks.

Having described several embodiments, 1t will be recog-
nized by those of skill in the art that various modifications,
alternative constructions, and equivalents may be used with-
out departing from the spirit of the imvention. For example,
the above elements may merely be a component of a larger
system, wherein other rules may take precedence over or
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otherwise modify the application of the invention. Also, a
number of steps may be undertaken before, during, or after
the above elements are considered. Accordingly, the above
description should not be taken as limiting the scope of the
invention.

What 1s claimed 1s:

1. A content processing system for performing processing
of multiple services using a media asset, the content process-
Ing system comprising:

a first server system, which 1s configured to:

receive a notification from a second server system,
wherein the notification 1s linked to the media asset,
select a worktlow script from a plurality of stored work-
flow scripts, wherein:
the worktlow script 1s particular to a client that pro-
vided the media asset to the content processing
system;
load the worktlow script;
determine a second service to be processed using the
media asset, wherein:
the second service 1s at least partially determined by
the first server system using the workflow script
and a task;
the worktlow script comprises a plurality of tasks;
the task 1s part of the plurality of tasks;
cach task of the plurality of tasks identifies one or
more services to be processed using media assets;
and
the task of the plurality of tasks of the workilow script
indicates that the second service 1s to be processed
using the media asset;
determine a third server system to process the second
service, notily the third server system to process the
second service, wherein:
the notification indicates that the second server sys-
tem has processed a first service using the media
asset: and
communicate with a data object updater that 1s config-
ured to update a data object linked with the media
asset, wherein:
the media asset 1s stored separately from the data
object; and
the data object comprises:
metadata linked with the media asset; and
a link to the media asset;
the second server system, which 1s configured to:
function as part of a first group of servers performing the
first service;
be converted to function i1n another group of servers
performing another service, and
send the notification to the first server system that indi-
cates when the first service using the media asset 1s
complete; and

a third server system configured to:

function as part of a second group of servers performing
the second service;

be converted to function 1n another group of server per-
forming another service;

process a second service using the media asset; and

notily the first server system when the second service
has been processed.

2. The content processing system for performing process-
ing of multiple services using the media asset of claim 1,
wherein the first service 1s a transcoding service that converts
the media asset from a {irst format to a second format and the
workilow script indicates that multiple transcoding services
are permitted to be performed in parallel.
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3. The content processing system for performing process-
ing of multiple services using the media asset of claim 2,
wherein the second service 1s a file replication service that
transiers a copy of the media asset to a fourth server system.

4. The content processing system for performing process-
ing of multiple services using the media asset of claim 3,
wherein the fourth server system 1s a content delivery net-
work.

5. The content processing system for performing process-
ing of multiple services using the media asset of claim 1,
wherein the first server system, second server system, and
third server system are three physically distinct server sys-
tems.

6. The content processing system for performing process-
ing of multiple services using the media asset of claim 1,
wherein:

the second server 1s configured to process only the first

service; the third server 1s configured to process only the
second service; and the first service and the second ser-
vice are different services.

7. The content processing system for performing process-
ing of multiple services using the media asset of claim 1,
wherein the first server i1s configured to perform additional
determinations and notifications linked to other media assets
while the third server 1s processing the second service using
the media asset.

8. The content processing system for performing process-
ing of multiple services using the media asset of claim 1,
wherein the third server system 1s comprised of multiple
servers and a master server, the third server system is further
coniigured to:

receive, by the master server, the notification from the first

Server;

receive, by the master server, statuses from at least some of

the multiple servers; and

determine, by the master server, at least partially based on

the statuses recerved from at least some of the multiple
servers, which of the multiple servers will process the
second service using the media asset.

9. The content processing system for performing process-
ing of multiple services using the media asset of claim 8,
wherein each of the multiple servers of the third server system
has a queue configured to determine an order of media assets
on which to perform the second service.

10. A method for processing multiple services using a
media asset, the method comprising:

receving, at a first server, a notification, wherein:

the notification indicates that a first service processed
using the media asset has been completed by a second
server, and

the performance of the first service results 1n a processed
media asset being created;

selecting, by the first server, a worktlow script from a

plurality of stored workflow scripts, wherein the work-
flow script 1s particular to a client that provided the
media asset;

loading, by the first server, the worktlow script;

determiming, by the first server, a second service to be

processed using the processed media asset, wherein:

the second service 1s at least partially determined by the
first server using the workilow script and a task; and

the workilow script comprises a plurality of tasks;

cach of the plurality of tasks identifies one or more
services to be processed using media assets;

the task, of the plurality of tasks, indicates that the sec-
ond service 1s to be processed using the processed
media asset;
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transmitting, by the first server, a notification to a third
server responsible for processing the second service
using the processed media asset, wherein:
the notification 1ndicates that the second service 1s to be
processed using the processed media asset;
the third server 1s configured to function as part of a first
group of servers each performing the second service;
and
the third server 1s configured to be converted to function
in another group of servers performing another type
of service;
updating, by the first server, via a data object updater, a data
object linked with the media asset, wherein:
the media asset 1s stored separately from the data object;
and
the data object comprises:
metadata linked with the media asset; and
a link to the media asset;
receiving, by the third server, the notification transmatted
by the first server;
receiving, by the third server, a plurality of status updates
from a plurality of servers that process the second ser-
viCE;
selecting, by the third server, at least partially based on the
plurality of status updates, a fourth server from the plu-

rality of servers to process the second service using the
processed media asset; and

10

15

20

25

22

notifying, by the third server, the fourth server to process

the second service using the processed media asset.

11. The method for processing multiple services using the
media asset of claim 10, further comprising placing, by the
third server, an indication 1n a queue until the third server 1s
available to process the second service using the media asset,
wherein the indication 1s linked to the modified media asset.

12. The method for processing multiple services using the
media asset of claim 10, wherein the first server 1s configured
to perform additional determinations and transmit additional
notifications while the second service 1s being processed
using the media asset.

13. The method for processing multiple services using the
media asset of claim 10, wherein the plurality of servers are
servers for transcoding media assets into various formats.

14. The method for processing multiple services using the
media asset of claim 10, wherein the second server 1s config-
ured to recerve an upload of the media asset from a client.

15. The method for processing multiple services using the
media asset of claim 10, further comprising:

receving, by the first server, a second notification that the

fourth server has completed the second service using the
media asset;

determining, by the first server, a third service to be pro-

cessed using the media asset; and transmitting, by the
first server, a notification to a fifth server responsible for
having the third service processed using the media asset.
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